Abstract: The x-ray absorption fine structure (XAFS) is a powerful tool to investigate local atomic structures in matter. The XAFS can select a specific type of atom as a probe atom and measure the structural environments near the probe atom. The XAFS can therefore describe the bond lengths, bond-length distributions and the species of the atoms located around the probe atom. XAFS measurements can be made with a transmission or fluorescence mode. The XAFS technique does not depend on the density of material, nor on the types of the specimens, such as, powder, thin film, or even liquid. However, the XAFS signals decay quickly and loose their coherence with increased distance from a probe atom, and are useful only within a distance of ~5-6 Ǻ from the probe atom. Although the XAFS technique is a unique and powerful probe to measure the short-range orderings of atoms, the quantitative information of the structural properties can be obtained as the XAFS data are carefully analysed. We studied the structural properties of non-Fermi liquid nanoparticle CeAl 2 and CePt 2 and quantum confinement ZnO nanorods using normal XAFS and orientation-dependent XAFS, respectively. We observed a substantial amount of disorders/distortion existing in the both the CeAl 2 and CePt 2 nanoparticles, and bond length distortion in the vertically well-aligned ZnO nanorods. The XAFS exhibits oxygen contamination in both the nanocrystals of CeAl 2 and CePt 2 . The orientation-dependent XAFS reveals that oxygen is the terminating atom on the lateral surface of ZnO nanorods.
Introduction
In general, knowledge of the structural properties of materials is fundamental to understand their properties. The canonical method of determining the structures for crystalline materials is diffraction. However, the diffraction technique is applicable to crystalline materials only. Furthermore, it has been proven that for many cases of crystalline materials with disorders, the structure determined by diffraction does not correspond to the actual structure on the local interatomic scale [1] [2] [3] . This is because the disorder on the local scale is averaged out in the average periodic structure measured by diffraction. The local structure has special importance for the systems in which interesting features occur within the length scale of a nano-meter scale, much less than that detected by diffraction. High-T c superconductors are an example of this due to their short superconductivity coherence length of ~10-20 Å only. Nano materials are another example of the fact that diffraction is not a suitable tool to study the structural properties [4] . As a particle size shrinks to a nano-meter scale, its properties can be different from those of its bulk counterpart due to the size and surface effects, and also structural disorder/distortion.
Theoretical attempts to understand x-ray absorption fine structure (XAFS) were first made by R. de L. Kronig in the 1930s [5] . However, Kronig missed an important part which is essential in the XAFS. In the 1970s E.A. Stern has demonstrated that the XAFS could describe the atomic local structures [6] . In the early 1990s, J.J. Rehr's theoretical calculation with a multi-scattering theory confirmed Stern's work [7] . Many analysis codes for XAFS data have been developed by several research groups in the world. The UWXAFS package [8] developed by Stern's group is the most popular one used worldwide. Theoretical calculation codes of XAFS (called FEFF [9] ) have been developed by Rehr's group. XAFS is pronounced as 'ex-safe' and includes two parts: x-ray absorption near edge structure (XANES) and extended x-ray absorption fine structure (EXAFS), as shown in Figure 1 . As incident x-ray energy is similar to or slightly larger than the Fermi energy with which the x-ray can kick out an electron from the x-ray absorbing atom, the electron jumps into a continuum state and is known as a photoelectron (PE). The peak near the x-ray absorbing edge is known as a 'white line', as shown in Figure 1 . The height and shape of the white line are mainly affected by the energy level of the x-ray absorbing electron, chemical properties of the x-ray absorbing atom, and energy band structures. Therefore, the chemical properties and energy band structures can be determined using XANES measurements. As the incident x-ray energy is higher than the x-ray absorption edge energy, the PEs have enough kinetic energy and move in the matter. These PEs can be backscattered by neighbouring atoms. The backscattered PEs and outgoing PEs interfere at the original absorbing atom. The interference causes the small oscillations (EXAFS) above the absorption edge, as shown in Figure 1 . The EXAFS is determined by the distance, species, and coordination number of neighbouring atoms. The EXAFS is particularly useful for determining the local structural properties, around a doped element (impurity), which could be very different from the average structure. When x-rays enter matter, they are scattered by electrons in matter. The scattering amplitude is contributed by three parts, f 0 , f′ and f″ where f 0 atomic form factor, f′ x-ray anomalous scattering coefficient, and f″ x-ray absorption coefficient. When x-ray diffraction is measured as a function of incident x-ray energy through an absorption edge, the diffraction intensity is anomalously affected by the f′ factor of the x-ray absorbing atoms. This can identify if a specific species of atom is in the crystalline structure of the matter. This technique is called anomalous x-ray scattering (AXS) [10] . The AXS is a powerful tool to study the structural properties of textured alloys [11] , or the systems which are partially crystallised. f′ is also affected by PEs backscatterings and presents small oscillations above the x-ray absorption edge, as f′ is measured with incident x-ray energy. The oscillations provide the short-range orderings of the atoms in the crystal. This technique is called diffraction anomalous fine structure (DAFS) [10, 12, 13] . Diffraction detects the average long-range orderings of atoms in a crystalline material while EXAFS measures the average local structure near an x-ray absorbing atom. The DAFS detects the local structure of a specific type of atom in crystallised regions of a material. The combination of these techniques can provide accurate structural information of textured materials, particularly, nanostructures [11] .
Theory of EXAFS
Let us consider the idea that x-rays enter a material after they radiate from an x-ray source and propagate for a long distance. The incident x-ray wave can be described as a plane wave,
where k is wave number and ω is angular frequency.
The electrons in bound states of atoms absorb x-rays and become PEs with a spherical wave function, 0 / , ikx E e r disregarding the time-dependent part, as shown in Figure 2 . As the spherical wave PE is back scattered by a neighbouring atom which is located at r i , the amplitude of the back scattered PE wave at position r can be described, as 
where f i (k) is a back-scattering amplitude which is determined by the species of the ith backscattering atom and the k-vector. When the PE returns to the original position (r = 0) where the PE was emitted after being backscattered by a neighbouring atom, the amplitude of the PE wave becomes 
where Φ i is the total global phase shift. This backscattered PE affects the x-ray absorption, interfering with the outgoing PE at the original position, as shown in Figure 2 . The modified x-ray absorption coefficient is defined as EXAFS, χ(k). After detailed calculations of x-ray absorption with a quantum mechanical theory made [6] , EXAFS becomes
where m is the mass of an electron and the sine part is the real part of equation (2) . The total EXAFS can be obtained with the summation of the EXAFS from all of neighbouring atoms, as,
When same species of atoms are located at a similar distance from the x-ray absorbing atom, their distances can be considered with their average distance and some deviation. As the deviation is relatively small, compared to the distance, it can be treated as a Gaussian distribution. 
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where N j is the coordination number, σ j ² is the Debye-Waller factor which includes thermal vibration and static disorder, and R j is the average distance of the jth shell. It is known that the excited PE state has a particular lifetime and that the lifetime decays exponentially with distance, and inverse of mean free path of PE. Therefore, the PE lifetime correction should be applied to the EXAFS theory.
where λ(k) is the PE mean free path. The final formula of EXAFS can be described by counting the polarisation-dependent part and hole effect, as [6, 7] S is 0.9, and ε is the electric field direction of the incident x-ray.
As the incident x-ray is linearly polarised as shown in Figure 3 , one should consider the linear polarisation effect of the x-rays on the backscattering amplitude [14] . Equation (7) demonstrates that the amplitude of PE is proportional to the projection of unpolarised PE amplitude into the plane where the x-ray electric field is placed. For amorphous, powder, polycrystals or unpolarised x-rays, the orientation dependent component should be averaged over all directions. For an atom placed at R j as shown in Figure 4 , the position of the atoms can be described with spherical coordinates, as ŝ in cos sin sin cos ,
where θ j and ф j are defined in Figure 4 .
For the incident x-ray polarised in an arbitrary direction, the electric field of the incident x-ray can be described as = sin cos + sin sin + cos . 
This result means that the intensity of the back-scattering amplitude for the unpolarised EXAFS is three times weaker than that for the polarised EXAFS. Subsequently, we consider the fact that the incident x-ray is polarised along a specific direction of a crystalline sample. As the incident x-rays is polarised along c-axis. As the x-ray is polarised in ab-plane, ˆ= cos + sin , i j ε φ φ and the a and b directions are random in the ab-plane, the polarisation effect should be averaged over the a and b directions, as
For practical analysis of EXAFS data, the polarised PE backscattering amplitudes in equations (9) and (10) are acquired to compare with the unpolarised PE backscattering amplitude in equation (8). 2 unpol 3cos ,
In general, XAFS is measured in two orientations with the x-ray polarisation directions along the c-axis and in ab-plane. When the XAFS data were collected from oriented specimens or single crystals, and the incident x-rays were linearly polarised, the x-ray polarisation effect should be taken into account in the data analyses. When two sets of data from the polarisation-dependent measurements are simultaneously fitted with same parameters, we can obtain more accurate information of orientation-dependent structural properties. This orientation-dependent analysis is particularly important, as the same species of atoms are located at a similar distance from a reference atom. The theoretical EXAFS for unpolarised x-rays can be calculated with FEFF [9] without any option in the code. For c-polarised EXAFS theory, one can modify the unpolarised EXAFS with equation (11) or by using the card of POLARIZATION 0 0 1. The theoretical EXAFS of the ab-plane polarised x-rays can be obtained with the unpolarised EXAFS theory modified by equation (12) or by using the cards of POLARIZATION 1 0 0 and ELLIPTICITY 1 0 0 -2 in the FEFF code.
Experiments and data analysis
XAFS measurements can be made with a transmission or/and fluorescence mode, as shown in Figure 5 . The energy of incident x-ray is selected with a double monochromater and by detuning the second crystal by about 25% to suppress higher harmonics. The x-ray intensity just before the sample is measured with an ionisation chamber of I 0 filled with gases, such as, He, N 2 , Ar or mixed gases with two of them. The sample can be powder, bulk, thin-film, or liquid. The transmitted x-ray intensity can be described as,
, where µ represents the x-ray absorption (attenuation) coefficient and t is the x-ray path length in the specimen. The total x-ray absorption, µt = ln(I 0 /I t ) and x-ray absorption coefficient,
where m e is mass of electron and E is incident x-ray energy, is PE wave number. E 0 is determined at the half-height of the absorption edge. In general, the best XAFS signals can be obtained from K-or L III -edge measurements. To avoid XAFS signal distortions due to self-absorption or background noisy, the edge step size in the transmission measurements should be about 0.3-1.0. For transmission measurements, a sample is ground and sieved with a sieve and uniformly spread over a piece of Scotch tape. The size of the ground particles should be less than 10 absorption lengths of the incident x-ray to avoid a self-absorption effect. The typical particle size is about 20 µm. The tape with the powder sample is folded several times to achieve the total x-ray absorption edge step of ~1. For films, the fluorescence mode is the only choice for the XAFS measurements. For powder samples, the XAFS data can be collected with a transmission or/and fluorescence mode. Polarisation-dependent XAFS measurements can be made on single crystals with a fluorescence mode and for oriented-powder crystals with a transmission or/and fluorescence mode [3] . As the film is thick, self-absorption will distort the XAFS signal. Thus, the correction of self-absorption effect is necessary. For fluorescence XAFS data, the x-ray absorption near edge structure (XANES) and extended x-ray absorption fine structure (EXAFS) can be corrected with the codes of FLUO (part of UWXAFS package) [8] and SABCOR [15] , respectively. In the XAFS measurements, the most important ones are 1) the specimen should be larger than the beam cross-section to cover the whole beam, 2) the specimen should have a uniform thickness and, 3) the incident x-ray beam position should not be changed with the x-ray energy.
Figure 5 Schematic diagram of XAFS experimental setup
In order to analyse the measured EXAFS data, the UWXAFS package [8] and FEFF code [9] can be used. First, χ(k) is obtained by subtracting the atomic background, µ 0 (k), from the raw data, µ(k), with using AUTOBK (part of the UWXAFS package). Since a noisy of the χ(k) data increases at higher k-region, the data will be cut at a k max value where the deviation is significant among scans, compared with different scans. For this purpose, at least three scan measurements are necessary. Because the absorption background varies substantially near the absorption edge, the uncertainty in χ(k) is the greatest in this area. Therefore, χ(k) data below k min cannot be used. To minimise these uncertainties only the XAFS data in the k-range of k min -k max are used for further analysis. The lower cut-off k min point is typically between 2.5 Å -1 and 3.5 Å -1 . However, it cannot be smaller than 2.5 Å -1 due to the XANES. To analyse the EXAFS data, χ(k) is Fourier transformed to r-space with k-weight of 2 or 3 and fit to the theoretical XAFS calculations of FEFF [9] . The theoretical fits to the data necessitate assuming a model with structural parameters that vary in the fit so as to achieve an acceptable fit to the data. The strategy used to determine the appropriate model is as follows. First we assume a proper structure of the system and calculate χ(k) with the FEFF code. The calculated χ(k) fits to the raw data in r-space with varying parameters, such as, bond length difference ∆r, Debye-Waller factor σ 
where the complex χ(R i ) is the Fourier transform of χ(k), the superscripts th (exp) denote the theory (experimental) ones, the sum is over the N points in the fitted region ∆R of Fourier transformed r-space. N I = (2∆k∆R/π) + 2 is the number of independent data points [3, 8, 17] in ∆R (N I is the measured EXAFS data points), and ∆k is the range of k-space used in the fit, ν = N I -N P is the degrees of freedom in the fit, N P is the number of variables in the fit, and ε(R i ) is the estimated uncertainty in χ To aid with this, a fractional misfit r-factor is evaluated. For an acceptable fit, the r-factor should be less than 0.02 [3, 8] . Although r-factor is less than 0.02, if χ . When we obtain an accurate fit with a given structural model, we should carefully consider whether the results of the fit parameters are physically acceptable. If any ∆r is larger than 0.1 Å, the EXAFS theory, FEFF, should be recalculated with a new structural model and fit to the raw data again. This procedure should be repeated until obtaining an acceptable fit.
Kondo behaviour nanoparticle CeAl 2 and CePt 2
Recent studies have shown that CeAl 2 and CePt 2 displayed a magnetic phase transition from a Kondo behaviour to a nonmagnetic, the Kondo ground state [18] , as their particle size became comparable to the nanometer scale. The antimagnetic transition temperatures of bulk CeAl 2 [19] [20] [21] and CePt 2+x [22] [23] [24] [25] are 3.9 and 1.6 K, respectively while the transition temperatures of their nanoparticles were observed near zero K [18] . The suppression of the transition temperature in the nanoparticles could be understood in terms of spin fluctuations in these small nanoparticles [20] . The particle size and surface effects likely play a key role in determining these physical properties. However, structural changes in the nanoscale particles can also affect the spin fluctuations. It is known that both the Kondo and Ruderman-Kittel-Kasuya-Yosida (RKKY) interactions depend strongly on the hybridisation strength between the f-shell electrons and conduction electrons. Since the bond length between two atoms that have the f-shell and conduction electrons, strongly contribute to the hybridisation strength, lattice distortions or disorders can play an important role in determining the spin-spin interaction in the nanoparticles [26] . The structural properties of bulk CeAl 2 and CePt 2+x have been intensively studied with x-ray and neutron diffractions. The diffraction measurements indicated that CeAl 2 and CePt 2 have a C15 Laves structure with the lattice constant of 8.054 Å and 7.706 Å, respectively. For nanoparticles, the diffraction techniques cannot properly determine the structures due to the lack of diffraction sensitivity to a small number of diffraction sources, atoms. Figure 6 shows the x-ray diffraction (XRD) from CePt 2 nanoparticles and bulk. Although the lattice constants of the nanoparticles can be determined by fitting the data with a model, there is a large amount of uncertainty. We employed the EXAFS technique to determine the structures of the nanoparticles. CeAl 2 and CePt 2 nanoparticles were synthesised by arc melting. The details of the sample preparation and characterisation were published elsewhere [4, 18] . The average diameters of the nanoparticles were 8 ± 0.5 nm and 4 ± 0.5 nm for CeAl 2 and CePt 2 , respectively. For the transmission XAFS measurements, the CeAl 2 nanoparticles were uniformly spread over an adhesive tape and the tape was layered to achieve the absorption edge step of ~1. The XAFS measurements of CeAl 2 at Ce Pt L III -edges were made on beamline 2-3 at Stanford Synchrotron Radiation Laboratory (SSRL) at 20 K with a half-tuned Si (111) double monochromater. The XAFS measurements of CePt 2 at Ce L III -edge were carried out on BM-line of PNC-CAT at Advanced Photon Source (APS) at 20 K with a 3/4-tuned Si (111) double monochromater. Figure 1 shows the transmission XAFS from bulk CeAl 2 near Ce L III -edge. After the pre-edge part is removed from the raw data, the data are normalised for the edge step of a unit. EXAFS, χ(k) is obtained with removal of the atomic background. Figure 7 shows the EXAFS data from nano and bulk CeAl 2 , and CePt 2 after the background was determined with AUTOBK [8] . Significant differences in the χ(k) data of nano and bulk samples imply that the local structures of nanoparticles are significantly different from those of the bulk samples. Figure 8 shows the magnitude of Fourier transformed χ(k) from nano and bulk CeAl 2 with k-weight of 3. The distance in Figure 8 is about 0.4 Ǻ shorter than true distance because the phase shift of PE was not applied yet. Careful analysis is thus necessary to obtain the quantitative information of the structure. In the fit, a standard fitting procedure [3] was used with the FEFFIT code [8] . The fit to the bulk data included single and multi scattering paths and started from the C15 Laves structure (space group f -4.3 m), allowing the bond length and σ 2 (Debye-Waler factor, including thermal vibration and static disorder) for each shell below 7 Ǻ to vary. σ 2 s of 0.0038 ± 0.0004 Ǻ 2 and 0.0021 ± 0.0007 Ǻ 2 were found for Ce-Al and Ce-Ce pairs, respectively. These small σ 2 s suggest that the crystalline structure is well ordered.
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We derived a lattice constant of 8.095 ± 0.015 Å from these data, consistent with the previous x-ray diffraction measurement of 8.054 Å [20] . The nanocrystal fits also start from the bulk model, but reliable results are only obtained from shells shorter than 3.5 Å. Figure 9 shows the various fits assuming that only aluminum, only oxygen, or mixed Al and O occupy the Al site. The models using only Al or only O do not fit the measured data satisfactorily. The fit is considerably improved by including about 10% of oxygen in the Al site. This observation of oxygen in the Al site corresponds to a previous study [18] . In any case, these results strongly suggest that the Al site is partially occupied by oxygen. More detail results of the fits are described elsewhere [4] . The average σ 2 of the Ce-Al and Ce-O pairs in the nanoparticles were discovered to be about 0.04 Ǻ 2 which was about an order of magnitude larger than that of the Ce-Al pair in the bulk. The bond length of Ce-Al in the nanoparticles was found to be 2.96 ± 0.02 Å which was about 0.4 Å shorter than the bond length of Ce-Al in the bulk. These measurements indicate that a considerable amount of distortion and disorders exist around the Ce atoms in the nanocrystals compared to the bulk. Figure 10 shows the magnitude of Fourier transformed EXAFS from CePt 2 measured at Ce L III -edge. The fit to the bulk data showed that CePt 2 had a C15 Laves structure with lattice constant of about 7.706 Å which is very comparable to 7.717 Å in the bulk [22] . In the CePt 2 crystals with C15 Laves structure, the first and second neighbouring atoms of Ce atom are 12 Pt and 4 Ce atoms, respectively. The fits reveal that the bond lengths of Ce-Pt and Ce-Ce pairs are 3.18 ± 0.01 Å and 3.43 ± 0.01 Å, respectively. The bond length distributions (σ 2 ) of Ce-Pt and Ce-Ce pairs were found to be 0.012 ± 0.001 Å 2 and 0.002 ± 0.001 Å 2 , respectively. This result implies that there was a substantial amount of structural disorder existing in the bond length of the Ce-Pt pairs in the bulk. The fits to the nanoparticle data start with a C15 Laves structure. From the fits, we also observed the presence of oxygen near Ce atoms: about 10% of the Pt site occupied by oxygen. The average bond lengths of Ce-Pt/O and Ce-Ce pairs are 2.86 ± 0.01 Å and 3.37 ± 0.01 Å, respectively. The XAFS data analysis shows a considerable amount of structural distortion existing on the bond length of the Ce-Pt pairs. The σ 2 of Ce-Pt/O and Ce-Ce pairs are 0.025 ± 0.007 Å 2 and 0.017 ± 0.005 Å 2 . In equation (7), the assumption of a Gaussian distribution is valid only for a small amount of bond length deviation. Since we observed a large amount of disorders in the atomic pairs from the both CeAl 2 and CePt 2 nanocrystals, we employed a cumulant analysis to search for an anharmonic pair-distance distribution [8] . However, the cumulant analysis was inconclusive in those cases. From the EXAFS measurements we conclude that CeAl 2 and CePt 2 nanoparticles were considerably distorted and disordered structurally, compared with their bulk counterparts, as the particle size became a nanometer scale. 
Quantum confinement ZnO nanorods
As mentioned above, XAFS has the capability to describe orientation-dependent structural properties. The physical properties of 1-dimentional (1D) nanomaterials are dependent on orientations because the size and surface effects also depend on the orientations. Furthermore, the orientation-dependent quantum confinement effect was observed from ZnO nanorods and ZnO/ZnMgO nanorod heterostructures [26] . We employed polarisation-dependent XAFS to measure the orientation-dependent structural properties of ZnO nanorods with diameters of 13 nm and 37 nm. Park et al. [26] observed the quantum confinement effect from the ZnO nanorods with the diameter of less than 20 nm. For ZnO with a wurtzite structure, Zn atoms have four oxygen atoms and twelve zinc atoms as the first and second neighbouring atoms, respectively, in all directions. Two independent XAFS measurements from the ZnO nanorods were made with the x-ray polarisations parallel and perpendicular to the c-axis. The EXAFS data were simultaneously fit with the same parameters and the orientation-dependent structural distortions of the nanorods were obtained, compared with ZnO bulk counterpart.
The details of the sample preparation and XAFS measurements were published elsewhere [27] . Figure 11 shows the normalised x-ray absorption coefficient from the ZnO nanorods near the Zn K-edge as a function of the incident x-ray energy, measured at room temperature for the two orientations. The XANES from the rods obviously demonstrates the dependence of the crystal orientations. After the atomic background absorption was determined using the AUTOBK code, the EXAFS function was obtained. To minimise uncertainties only the EXAFS data in the k-range of 2.5-10.5 Å -1 were used for further analysis. Figure 12 shows the magnitude of Fourier transformed EXAFS as a function of distance from a Zn atom. The first and second peak in Figure 12 To obtain quantitative structural information, the two sets of EXAFS data in Figure 12 [27] . This result implies that only Zn-O(2) pairs are affected by the diameter of the nanorods, and that the terminated atoms at the boundary are oxygen atoms. It is know that the ZnO crystals do not grow on the O-terminating surfaces, but rather on the Zn-terminating surfaces. The EXAFS analysis provides a crucial evidence of asymmetry growth of ZnO crystals in a metal-organic chemical vapour deposition method.
Summary
The XAFS technique which can select a specific species of atom is a powerful tool to measure the local structural and chemical properties around the selected species of atom. The XAFS technique can be applied to the studies of structural and chemical properties of matter without depending on types (powder, film, single-crystal, polycrystal), crystallinity (crystal, amorphous), density (condensed, diluted) and state (solid, liquid) of specimens. The XAFS technique is particularly useful to study the physical phenomena which occur in a short range, such as, several angstrom distances. Although diffraction is a canonical method to determine structural properties, it can detect only crystalline region. Thus, a diffraction has a limit to study with amorphous or nanoparticles. The XAFS can be useful to obtain the structural and chemical properties of nanomaterials. The XAFS includes two parts, EXAFS and XANES. Particularly, EXAFS can detect the structural properties. The theoretical calculation of the EXAFS described in equation (7) shows that from the EXAFS analysis, one can obtain quantitative information of bond lengths, bond length distributions, coordination numbers, and species of neighbouring atoms of a reference atom. XAFS data can be collected with a transmission or/and fluorescence mode. To obtain quantitative information, the XAFS data should be very carefully analysed.
The EXAFS technique was employed to investigate the atomic local structures of CeAl 2 and CePt 2 nanoparticles with average diameters of 8 nm and 4 nm, respectively. A diffraction technique is not very useful to determine the structures of these nanoparticles because the particles do not include enough atoms. From the studies of the local structural properties of the nanocrystals, comparing with their bulk counterparts, we determined that a substantial amount of disorder exists in the nanocrystals, and that the Ce-Al and Ce-Pt bond lengths are considerably shorter than those in the bulks. Moreover, oxygen was observed in the both specimens. These structural changes in the nanoparticles should be related to the changes in the physical properties of nanocrystalline CeAl 2 and CePt 2 .
As shown in equation (7), the EXAFS can distinguish the direction of atomic position as well as distance of a neighbouring atom from a reference atom. This capability of the EXAFS is particularly useful to study the same species of atoms located at a similar distance from the reference atom. We studied orientation-dependent EXAFS of ZnO nanorods which presented a quantum confinement effect in ab-plane and bulk properties along c-axis. The orientation-dependent EXAFS shows that the lattice constants are shrunken in the ab-plane and expanded along the c-axis, compared with their bulk counterpart. Furthermore the orientation-dependent EXAFS shows that only the σ 2 (disorder) value of Zn-O(2) pairs located in ab-plane is gradually increased as the diameter of the nanorods is reduced. From these EXAFS results, we concluded that the terminating atoms on the lateral surface of ZnO nanorods were oxygen.
